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' @ An electric lamp according to the invention is 
provided with a lamp vessel (20) which is sealed in a 
gastight manner and has a wall (21) of ceramic 
material, while at least one current supply conductor 
(31a.b) is connected to an electric element (SOa.b) 
arranged in the lamp vessel (20) and issues to the 
exterior via a lead-through channel (23a,b) in the 
wall (21). The current supply conductor (31a,b) has a 
first part (32a, b) -with a comparatively high and a 
second part (33a.b) with a comparatively low melting 
point, which parts form a welded joint (36a,b) with 
mutually facing ends (34a,b; 35a,b). The first part 
(32a,b) merges into a narrowing end (34a,b) having a 
length L and having a circumference O at the transi- 
tion, which length L is at least one tenth of the 
circumference p. while the end (34a,b) is embedded 
at least partly in the end (35a,b) of the second part 
(33a,b). The electric lamp according to the invention 
has the advantage that the current supply conduc- 
tors to be used therein can be manufactured more 
efficiently and with less wastage. 
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The invention relates to an electric lamp pro- 
vided with a lamp vessel which is sealed in a 
gastight nnanner and has a wall of ceramic material, 
at least one curtent supply conductor being con- 
nected to an electric element arranged In the lamp 
vessel, which current supply conductor Issues from 
the lamp vessel to the exterior wa a lead-through 
channel In the wall and comprises a first part with a 
comparatively high and a second part with a com- 
paratively low melting point, which parts form a 
welded joint with mutually facing ends. 

Such an electric lamp, a high-pressure dis- 
charge lamp, is l<nbwn from US 3,363,133. A wall 
of ceramic material is understood to mean In the 
present description and claims a wall made from a 
refractory material such as monocrystalllrie metal 
oxide, for example sapphire, piolycrystaliine metal 
oxide, for example translucent gastight aluminium 
oxide (DGA), yttrium-aluminium garnet (YAG) or 
yttrium oxide (YOX), pr polycrystalline non-oxidic 
material such as aluminium nitride (AIN). In the 
known lamp, the wall of the lamp vessel is made of 
DGA. The lamp vessel constitutes a discharge ves- 
sel which encloses a discharge space provided 
with a filling comprising metal halides. The dis- 
charge vessel comprises a tubular part and disc- 
shaped end parts which close off the tubular part 
on either side. A current supply conductor issues 
from the discharge vessel to the exterior at either 
end through a lead-through channel In each of the 
end parts. The current supply conductors have a 
first part made of tungsten, with a melting point of 
3680 K. to v/hich a second part made of niobium, 
with a melting point of 2770 K, is welded. End 
portions of the first parts extending into the dis- 
charge space serve as a pair of electrodes and . 
thus constitute the electric element. 

A practical method of achieving a welded joint 
between the parts is by means of resistance weld- 
ing (butt welding). The parts are each connected to 
a pole of a current source then and pressed, 
against one another with their ends. The heat gen- 
eration in the contact surface between the two 
parts causes the part with the lower melting point 
to melt, whereby a welded joint with the other part 
Is created. 

The lamp vessel of a lamp with a ceramic lamp 
vessel is .formed by means of (pre)sintering pre- 
vious to the provision and gastight fastening of the 
cun-ent supply conductors. In general, the current 
supply conductor is passed through the lead- 
through channel with narrow fit, after which a melt- 
ing-ceramic connection Is provided between the 
lead-through channel and the current supply con- 
ductor so as to realise the required gaslight seal of 
the discharge vessel. 

When the parts of the current. supply conductor 
are welded together, a thickening often arises ar- 



ound the boundary between the parts, which pre- 
vents the current supply conductor fitting in the 
lead-through channel - or being passed through the 
channel. This leads to a comparatively high wast- 
5 age of current supply conductors, which adversely 
affects the cost price. Mechanical removal of the 
thickened portion, such as by grinding, involves an 
elaborate additional operation. 

The thickening may be counteracted In that the 

10 welding current is limited or cut off eariier. The 
wastage percentage is high in that case as well, 
however, because no reliable weld is achieved in 
many cases then. 

The Invention has for its object to provide a 

75 measure whereby an electric lamp of the kind 
mentioned In the opening paragraph can be manu- 
factured with less wastage. 

According to the invention, the electric lamp Is 
for this purpose characterized in that the end of the 

20 first part has a torpedo shape and ends in a tip, 
which may or may not be flattened, which tip at a 
distance of 0.9 L to the transition has a further 
circumference 01 which is at most equal to half the 
circumference O. 

25 A possible explanation of the comparatively low 

.wastage figure in lamps according to the invention 
is the following. When the ends of the parts are 
pressed against one another during resistance 
welding, these ends Initially share a connparatively 

30 small contact surface area with one another. Since 
the narrowing end of the first part ends in a cross- 
section of comparatively small diameter, in addi- 
tion, the electrical resistance at the area of the weld 
to be formed is comparatively high. Thus a com- 
as paratively small welding current can suffice for 
melting material of the second part. As long as 
only little material has been meltedi the parts still 
touch one another In a small contact area and the 
welding current traverses a cross-section of com- 

40 paratively small diameter, so that the heat genera- 
tion remains comparatively great. In proportion as 
the molten material of the second part flows farther, 
over the end of the first part, the contact surface 
areaand the surface area of smallest cross-section . 

45 of the combination of parts Increase. The heat 
generation thus decreases. This renders it com- 
paratively easy to avoid that the molten material 
. .flows beyond the narrowing end and forms .a thickt . 
ened portion therewith. Wastage is counteracted 

so thereby. Since the narrowing end of the first part Is 
at least partly embedded in the end of the second 
part after the welded joint has been completed, the 
parts have a comparatively great, curved contact 
surface which provides a sturdy connection be- 

55 tween the parts. This is favourable because the 
current supply conductor may be mechanically 
loaded during further steps in the manufacturing 
process.- Mechanical loading may occur, for exam- 
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pie, during transport and during mounting of the 
current supply conductors. The current supply con- 
ductor may also be subject to mechanical loads if a 
burr is provided therein for the purpose of position- 
ing. 

After the heat generation has decreased, some 
time elapses before the material of the second part 
has cooled down so far that It solidifies. During that 
time, the material will flow further over the end of 
the first part. If the length L of the narrowing end is 
less than one tenth of the circumference O. the 
welding process is not well controllable because it 
is difficult to adjust the welding current such that 
on the one hand the material of the second part 
solidifies in time and on the other hand the end of 
the first part becomes sufficiently embedded in 
material of the second part for obtaining a sturdy 
connection between the parts. 

The welding process is not well controllable, 
also if the second part is provided with a narrowing 
end. in the case in which the narrowing end of the 
first part has a length L smaller than one tenth of 
the circumference O or a narrowing end is not 
present at the first part. In that case, there is also 
insufficient time for the materia! of the second part 
to solifidy after the heat generation has decreased, 
of a decrease in the heat generation takes place 
too late. . 

It is noted that lamps with quartz glass lamp 
vessels are known from the. literature, with current 
supply conductors composed from parts which 
were welded together. A gastight sealing of the 
lamp vessel takes place in such lamps in that the 
quartz glass is pinched around the current supply 
conductors in the softened state, whereby the 
quartz glass adapts its shape to that of the current 
supply conductors. 

A method Is known from the literature for butt 
welding of rods, one of which rods is provided with 
a "pointed" end by means of cutting. During cut- 
ting, however, the end is pinched together so that 
the end assumes an enlarged diameter perpen- 
dicular to the direction in which the end was com- 
pressed, so that it projects outside the first part. 

A favourable embodiment of the electric lamp 
according to the invention is characterized in that 
the end of the first part has a torpedo shape and 
ends in a tip, which may or may not be flattened, 
which end at a distance of 0.9 L to the transition 
with the first part has a further circumference 01 
which is at most equal to half the circumference O. 
It was found in the manufacture of an^electric lamp * 
according to this embodiment that a current supply 
conductor is obtained with a circumference which 
has a very even shape, also at the area of the 
welded joint. This is particularly favourable for a 
good flow of the melting ceraniic in the space 
between the current supply conductor and the 



lead-through channel. The measure thus contri- 
butes to the realisation of a good and reliable 
gastight seal. 

The first part with its torpedo-shaped end is 

5 preferably obtained in that it is torn off from a wire. 
Alternatively, the first part may be obtained through 
cutting or sawing .after which in a subsequent addi- 
tional treatment, such as TIG welding, a torpedo- 
shaped end is formed. The second part may be 

10 obtained, for example, through cutting, sawing, or 
tearing. The current supply conductor may com- 
prise, for example, a first part of tungsten or mo- 
lybdenum and a second part of niobium or tan- 
talum. 

75 In a first embodiment of the. lamp according to 

the invention, the electric element is formed by an 
incandescent body. The lamp vessel may be filled, 
for example, with a rare gas and a halide. for 
example, methyl bromide. 

20 In a further embodiment of the lamp according 

to the invention, the lamp is a high-pressure dis- 
charge lamp in which the lamp vessel forms a 
discharge vessel which encloses a discharge space 
provided with an ionizable filling, while the electric 

25 element is formed by an electrode. .The measure 
according to the invention is particularly favourable 
for high-pressure discharge lamps. A narrow fit of 
the current supply conductor is Important in these 
lamps, in particular in metal halide lamps, in order 

30 to avoid filling ingredients .amassing in the space 
left vacant by the current supply conductor in the 
lead-through channel. A massing of filling ingre- 
dients in the space inside the lead-through channel 
may lead to deviations in the lamp properties. It 

35 may also lead to attacks on the melting ceramic. 

Preferably, the current supply conductor of the 
. electric lamp according to the invention is manu- 
factured with the use of a first part which merges 
into a further end which is identical to the end of 

40 the first part embedded in the end of the second 
part. This has the advantage in lamp manufacture 
that it is not necessary for avoiding wastage that 
the first parts are fed to the production process 
pointing in a predetermined direction. This has the 

45 additional advantage during fastening of the electric 
element to the further end that a comparatively low 
current strength can suffice for resistance welding 
in order to fasten the electric element to the current 
supply, conductor. The electric element may thus 

50 have a comparatively small diameter without melt- 
ing during the welding process; A further advan- 
tage is that comparatively little material evaporates 
from the welding spot during welding. The evapora- 
tion of material during welding is disadvantageous 

55 * because it usually condenses on the electrode. 
During lamp operation, the material condensed on 
the electrode may evaporate again and subse- 
quently deposit on the discharge vessel wall, which 
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leads to a lower light output. 

This and other aspects are explained in more 

detail with reference to a drawing of an electric 

lamp according to the invention, in which 

Fig. 1A is a longitudinal section of an end por- . 5 
tion of an electric lamp in which the electric 
element in the lamp vessel is formed by a pair 
of electrodes; 

Fig. 1B shows a detail from Fig. 1A; 

Figs. 2A to 2C show the formation of a welded io 

joint between the parts of the cuirent supply 

conductor of the lamp of Fig. 1A. 
Fig. 1A shows an electric lamp provided with a 
lamp vessel 20 with a wall 21 of DGA as the 
ceramic material. In the embodiment shown, the is 
lamp is a high-pressure discharge lamp whose 
lamp vessel 20 forms a discharge vessel which 
encloses a discharge space 22, provided with an 
ionizable filling, in a gastight manner. The dis- 
charge space here has a filling of mercury and a 20 
mixture of halides, more in particular the metal 
halides sodium iodide, thallium iodide and dys- 
prosium iodide. A first and a second electrode 
30a.b are arranged in the discharge space 22 and 
connected to a first and a second current supply 25 
conductor 31a.b. The current supply conductors 
31 a, b each issue to the exterior through a lead- 
through channel 23a,b in the wall. The lead-through 
channels 23a,b are constructed as tubes of ce- 
ramic material, in this case also DGA, which are 30 " 
sintered to ends 24a.b of the. discharge vessel 20. 
The current supply conductors 31a,b each com- 
prise a first part 32a.b with a comparatively high 
melting point and a second part 33a,b with a com- 
paratively low melting point. In the embodiment 35 
shown, the first part 32a, b is a molybdenum rod 
with a melting point of 2890 K, and the second part 
33a, b is a niobium rod with a melting point of 2770 
K. The first arid second parts 32a.b, 33a.b have 
diameters of 700 um and 720 um, respectively. 40 
The lead-through channel 23a,b has an internal 
diameter of 760 um. 

An end 34a,b of the first part 32a,b forms a 
welded joint 36a.b with an end 35a,b facing in that 
direction of the second part 33a,b (see also Fig. 45 
IB). The current supply conductors 31a.b are fixed 
in the tubes 23a,b with melting ceramic 25a.b. the 
melting ceramic 25a,b extending from the end 
26a,b of the tube 23a,b facing away from the' " ^ 
electrode 30a,b to approximately 1 mm before the 50 
welded joint 36a,b. 

The first part 32a, b merges into a narrowing 
end 34a,b with a length L of 500 um. The end 
34a, b has a circumference O of 2200 um at the 
transition to the first part 32a.b. the length L. 55 
accordingly, is at least one tenth of the circum- 
ference 0. The end 34a,b is embedded substan- 
tially completely in the end 35a,b of the second 



part 33a.b. 

The narrowing end 34a,b has a torpedo shape 
and a flattened tip. The circumference Ol of the 
torpedo-shaped end is 817 um at a distance of 0.9 
L to the transition to the first part 32a.b. which is 
less than half the circumference O. 

Two hundred ctjrrent supply conductors of this 
construction were manufactured. They were all suf- 
ficiently free from thickened portions in order to fit 
in the lead-through channel. The current supply 
conductors also showed an even circumference 
shape. 

The first part 32a.b of the current supply con- 
ductor 31a.b also merges into a narrowing end 
37a.b at a side remote from the second part 33a,b. 
The electrodes 30a,b are welded to this further end 
37a.b of the first part 32a,b remote from the sec-' 
ond part 33a,b. The electrodes 30a,b are con- 
structed as tungsten rods with a diameter of 300 
um, each being provided with a winding at an end 
portion which points into the discharge space 22. 
For the manufacture of the current supply conduc- 
tor 31a.b, a first part 32a,b was used whose further 
end 37a.b was identical to the end 34a,b of the first 
end 32a,b embedded " in the end 35a,b of the 
second part 33a,b before the electrode 30a, b was 
welded to this further end. ^ 

It was concluded from research into forces 
occurring in practice during lamp manufacture that 
the bending strength of the welded Joint must be at 
least 14.5 inNm. The bending strength was deter- 
mined of six bf the above current supply, conduc- 
tors. The second part was clamped in to just below 
the weld, and a radial force was exerted on the first 
part. It was measured at what moment the first part 
bent relative to. the second part. It was found that 
the moment- required for this was approximately 
15.0 mNm. 

For comparison, current supply conductors 
were manufactured of which the first part had a flat 
end or an end obtained by cutting. It was found 
that a substantial proportion of these current supply 
cnductors, he. 20 to 50%, did not fit inside the 
lead-through channel. In many cases, moreover, no 
secure welded joint was found to be present. In 
those cases the current supply conductor already 
fell apart upon a negligible mechanical load, for 
exaniple. during transport. The bending strength of 
the* remaining 'current ' supply conductors was no 
more than 13.4 mNm. 

Favourable results were also obtained with cur- 
rent supply conductors whose first part of molyb- 
denum with a diameter D of 700 um has a torpedo- 
shaped end with a length L of 350 um. The cir- 
cumference O of the torpedo-shaped end at the 
transition to the first part is 2200 um. The circum- 
ference 01 of the torpedo-shaped end at a dis- 
tance 0.9 L to the transition to the first part is 
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approximately 940 urn. The second part, made of 
niobium, lias a diameter of 720 um. 

Fig. 2A shows the first and the second part 32, 
33 at the start of the welding operation. The parts 
32, 33 have a comparatively small contact surface 
area 38 and a comparatively small area of a small- 
est cross-section 39, so that a comparatively high 
electrical resistance is created. The contact surface 
38 and the smallest cross-section 39 have been 
indicated with a comparatively thick line and with a 
broken line, respectively. Given a certain predeter- 
mined welding current, a comparatively large quan- 
tity of heat is generated which causes the material 
of the second part to melt. 

. After some time the material of the second part 

33 has spread over a portion of the narrowing end 

34 of the first part 32 (see Fig. 2B). The contact 
surface area 38 and the area of smallest cross- 
section 39 have increased, so that the electrical 
resistance and thus the heat generation have de- 
crerased at a constant welding current. 

. As shown in Fig. 2C, the narrowing end 34 of 
the first part 32 is embedded in the end 35 of the 
second part 33 facing the former after the weld has 
been completed. Since the heat generation de- 
creases during welding, given a predetermined 
welding current, it is easy to ayotd a thickening 
being formed around the weld. The parts 32, 33 . 
have a comparatively large, curved contact surface 
38 which provides a strong bond between the parts 
32, 33: ' , ^ 

Claims 

1. An electric lamp provided with a lamp vessel 
which is sealed in a gastight manner and has a 
wall of ceramic material, at least one cun^ent 
supply conductor being connected to ah elec- 
tric element arranged in the lamp vessel, which 
current supply conductor issues from the lamp 
vessel to the exterior via a lead-through chan- 
nel in the wall and comprises a first part with a 
comparatively high and a second part with a 
comparatively low melting point, which parts . 
form a welded joint with mutually facing ends, 
characterized in that the first part merges into 
a narrowing end which has a circumference O 
at the transition to the first part and which has 

a length b which Is at least one tenth of the - 
circumference which end Is at least partly 
embedded in the end of the second part. 

2. An electric lamp as claimed in Claim/l, char- 
acterized in that the end of the first part has a 
torpedo shape and ends in a tip, which may or 
may not be flattened, which tip at a distance to 

■the transition of 0.9 L has a further circum- 
ference Ol which is at most equal to half the 



circumference O. 

3. An electric lamp as claimed in any one of the 
Claims 1 and 2. characterized in that the lamp 
5 is a high-pressure discharge lamp in which the 

lamp vessel forms a discharge vessel contain- 
ing an ionizable filling, while the electric ele- 
ment is formed by an electrode. 
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